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ABSTRACT

Using the well-known procedures of Bouwkamp '(Theoretische en
numerieke b e h an d I i n g van de buiging door een, ronde opening, " Diss.
Groningen, Groningen Batavia, 1941) for finding the eigenvalues of dif-
ferential equations solvable by ap p i c a t i o n of three-term recursion
formulas, the authors have developed a digital computer program in
symbolic language for obtaining the eigenvalues of the separated steady-
state wave equation in spheroidal coordinates, i.e., for the equation

d 12) dij + LAmt - h272 _ T2 Sm= 0

where the parameters -t, m, and h are as defined by Stratton et al. in
'-'Spheroidal Wave Functions' (New York:Wiley, 1956). The symbolic

language used is universal (e.g., add a to b, multiply c by d, etc.) and
may be applied to any digital computer by simple conversion to machine
language. The program developed requires at least 3400 working cells.
It computes the eigenvalue A,4 to a maximum of 13 significant places
for any integer values of t and (t > m). The value of h is left arbitrary.
The program also computes all the spheroidal wave function expansion
coefficients (dp) up to p - 200,,

PROBLEM STATUS

This is an interim report on one phase of the problem; work is
continuing.

AUTHORIZATION

NRL Problem S02-07
Project RF 001-03-44-4052

Manuscript submitted August 15, 1962.
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A DIGITAL COMPUTER PROGRAM FOR CALCULATING
SPHEROIDAL WAVE FUNCTION EXPANSION CONSTANTS

INTRODUCTION

The solution of the Helmholtz wave equation in spheroidal coordinates leads to
spheroidal wave functions of the angle and radial types. It is customary to expand these
wave functions in two infinite series consisting of associated Legendre functions and
spherical Bessel functions, respectively. Tables of expansion coefficients have appeared
in the literature at various times. Unfortunately, these tables have not been unique since
the entries depended upon the definitions of the functions as conceived by their authors
and upon the author's choice of normalization. In the decade 1950-1960 there appeared,
among others, two new books of tables, one by Stratton, Morse, et al. (1) and the other by
Flammer (2). The first collection lists the expansion coefficients dn (hjrnt) for h = 0.1
(0.1) 1, h = 1 (0.2) 8, m = 0(1) 8, and = 0 (1) 8. The second book is a miscellany from
many sources covering some of the ranges in the first but normalized by an entirely dif-
ferent scheme. Flammer's book, in addition, contains a cogent account of wave function
theory. The extent of these existing tables has been found to be insufficient for many
computation needs in the field of applied acoustics. The range of the eccentricity parameter
h is too restrictive, and interpolation for h values not listed is impractical.

The authors of the present report have therefore turned to the difficult task of writing
a digital computer program which is universal enough to supply spheroidal wave function
expansion constants in any quantity for any values of m, n, and h. Our efforts have been
considerably lightened by the lucid explanation in Flammer's book, for which we acknowl-
edge a debt of gratitude. Sections of Flammer's work appear in the following brief explana-
tion of the procedure we used to formulate the computer program.

ANGLE SPHEROIDAL WAVE FUNCTIONS

Prolate spheroidal angle functions S(h, 7) are defined to be functions which satisfy
the ordinary differential equation

d'77I- r2) + - - h21 -_ M S = 0. i

The parameters A and m are separation constants. We specify here that m is an integer
and that A(h)-t(t + 1) as h-0, where t is the order (an integer) of the associated Legendre
function P(71). For each value of the integers m and t there corresponds a function Smnt
which can be expanded in an infinite series of associated Legendre functions. The function
Smt is

Sm (h, ) _ dn (hjmt) pmM +n (71))(2d( (
n

If one substitutes Eq. (2) into Eq. (1), one obtains the following three-term recursion
formula in d (hjm');

Pmn dn+2 
+ rm,n dn- 2 + (rmn - Amt) dn = 0 (3a)

1
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where

(n + 2m + 1) (n + 2m + 2) h2 (3b)Pm,n = (2n + 2m + 3) (2n + 2m + 55

n(n - 1) (3c)
mn -- (2m +2n- 1) (2m + 2n-3)'

and

7Tmn =2 (n +rn)(n +m-1)-2m2 - 1h2+(n+m)(n+m+ (3d)L'~ (2n + 2m + 3) (2n + 2m - 1) h 2 + (+m)n+m+1.(3)

A simple rearrangement of Eq. (3a) gives

dn -°m'n
-n (4a)dn- 2  -An+2

rm,n - Am +Pmn dn

If one multiplies both sides of Eq. (4a) by P,,1- 2 one obtains

_ AM
Nm  n (4b)n A Nn+

2

-n n+or

[Nm. n+2 (4c)
In+21 r'-Amt + Nm+ (cn+2 Nn+4

in which

Nm Pmn-2 d '+ mndnd
n - dn+

and

n= Pm,n-2 'm,n"

One can also solve Eq. (4b) for N"+2 and obtain

[Nm+2] 1-__ + mAt - ' (4d)N:m

Equations (4c) and (4d) are continued fractions. If one subtracts these equations for a given
Amt and the result is zero, the number Am, is a characteristic value of Eq. (1). In symbols,
to determine Am, we attempt to make the following calculation

[1N+ 21 - 0. (4e)

The first term on the left-hand side is computed by initially taking n so large that N S+4
negligible, and then finding the continued fraction [Nn+211 for successively smaller values
of n. The second term on the left-hand side is computed by assuming Nm+ 2 is zero for
n+2 < 0 and then computing [Nn+ 212 for successively larger values of n. It is evident
from this procedure that one can obtain Am. only by successive approximation. A very
effective method of hastening the computation of Am.t has been devised by Bouwkamp (3).
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In this method one first computes Am~,bY allowing AmL= t(t + 1). Then one computes a
correction term S(Amt) by taking the variation of Eq. (4e) due to a variation S(Amt); in
symbols this is

[Nn+ 2 (Am+ + S(Am+))] - [Nn+ 2 (Amt + 8(Amt))] 2 
= 0. (5a)

Now

Nn+ 2 (Am+ + 8(Am,)) % N'+ 2 (Am,) + B(Nm+ 2 ). (5b)

Hence, Eq. (5a) reads

[Nm+ 2 (Amt)] I- [Nm+ 2 (Amt)]2 + 8 [N+Mn] + +[Nn+202 0. (5c)

From Eq. (4c) one finds

im n+2 - (Am) + S(Nm+4)]

('n+ 2 Amt + Nn+ 4

-N_2__ (N)2 2 )
2 (N+)2

- - +(Am2) [ +2 + 'Nfl+2 n+4 + (6a)

Similarly, from Eq. (4d)

= n' S(Nm') + B(Amt)
'[Nmn+212 e (Nm m) n (,

= (Amt) + 2 + (N 2 (nm )2 + (6b)(Nm)2 (N )2(N.-2)

Since n is an integer it is convenient to let n t - m. Substituting Eqs. (6a) and (6b) into
Eq. (5c) and solving for b(Amt) one obtains

-Amt) = [P-m+2]I [] -m+2]2  
2

+- m 22 2 m 22 + + pm 1L 17-m--2 131-m + (N-m+2) (N, m+2) (Nt+ +

(6c)

Repeated corrections by Eqs. (6c) and (5a) lead to very accurate values of the character-
istic number ^t. Now

d Nm Ta
n n (7 a)

dn-2 = Pmn-2

The number Nn is calculated from Eq. (4b) using the corrected value of A,.t. The ratio
dn/dn_ 2 is therefore accurately calculated. From Eq. (7a) one deduces that
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dn, = d o  d (7b)
0K2 n-4 0o-

The expansion constants dn can be normalized in several different ways. We adopt here
the normalization of Morse and Feshbach (4),

(n + 2m)! ( + M)! (7c)n! ( m)!

n-O, 1

Hence, the magnitude of d o is fixed to be

do = + M)! for n even. (7d)

- r)1  (n + 2m)! dn dn- d2 ](m}n!"M)! n+ 0 + (2m)!

2n-2 n-4 0]

Similarly we find di to be

di = (t + m)! for n odd. (7e)

m)! (n + 2rn)! dn dn- 2  d 3 ] + (I + 2m)n n n! 2 dn-4 d

All remaining d n are found by substituting Eqs. (7d) and (7e) into Eq. (7a).

The prolate spheroidal angle functions S(h,ii) can be converted into oblate spheroidal
angle functions by making the transformation h--jg. The prolate expansion coefficients
dn(hImt) become dn(-jglmt) by this same transformation. Thus to find dn(-jglmt) one
replaces h 2 in Eq. (3a), (3b), (3c), and (3d) by -g 2 . The normalization procedure is identical
for both prolate and oblate cases.

THE COMPUTER PROGRAM

The computer program is divided into two parts. In the first part the program com-
putes the eigenvalue Amt to 13 significant places, or less depending on the parameters m,
t, h. In the second part the program computes any number of spheroidal wave function
expansion constants dn(h I m) where n may take on integer values up to n = 400. These
constants are computed to 13 significant places or less depending on the parameters m,
t, h. The precision of Amt controls the precision of dn(h/mt).

The computation of eigenvalues is accomplished by Bouwkamp's procedure (3), the
essential step of which is found in Eq. (6c). We select a starting value of Amw according to
the given magnitude of h. A short discussion of the method of selecting a good starting
value for A, , is presented in Appendix E of this report. If this starting value is poor
the program may converge to an erroneous eigenvalue. After the initial value of A,, is
set, the value is improved by application of Eq. (6c). Repeated use of Eq. (6c) eventually
leads to very accurate values of Ad .

When the computation of the eigenvalue is completed the computation of the constants
d, is accomplished by using the relations found in Eqs. (7a) to (7e).
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The computer program finally assembled is reproduced in Appendix B of this report.
The meanings of the various instructions used in the program may be found in the publi-
cation Narec Bulletin No. 27 (July 27, 1961) available from the Research Computation
Center at NRL. We note that the language of this program is entirely symbolic (i.e., add
a to b, multiply c by d, etc.). The language is therefore universal. It may be converted
to the machine language of a specific computer by replacing each symbolic command by
the equivalent machine language command.

A set of input instructions for the particular version of this symbolic program in the
NIP language of the Narec-NRL is found in Appendix A.

ADDITIONAL REMARKS

The authors of this report are in the process (to date) of preparing digital computer
programs for computing radial and angle spheroidal wave functions of any order and any
argument, using the eigenvalues and expansion coefficients found by the program described
here.
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APPENDIX A

INSTRUCTIONS FOR USE OF NAREC-NRL SPHEROIDAL
WAVE FUNCTION ROUTINE

The Narec-NRL spheroidal wave function routine is found on Narec Tape No. 4593

1. Prepare a machine-language Operator Instruction Sheet (see Fig. Al).

2. Prepare a Data Input Sheet as follows:

a. Insert the prolate spheroidal values of m, t, and h in successive two-word
entries on the sheet, reserving two twelve-digit Narec floating point words (i.e., fractional
part and exponent) for each of the three numbers. These values will take up six lines.

b. Determine the highest subscript (XXX) in the d. constants desired. If t-m is
even, the subscript will be even; if C-m is odd, the subscript will be odd. Insert the value
of XXX as a two-line Narec floating point number in the two lines following the six noted
above. This makes eight lines.

c. Count the actual number of d's to be typed out. If t-m is even, the count is
(XXX +2)/2. If t-m is odd, the count is (XXX + 1)/2. Convert this count to a hex number
and pre-fix zeros to make up a "4-digit hex number" (say YYYY). Insert this hex number
in the standard word appearing in the ninth line. This word is

YYYY de 064a eS.

d. If t-m is even, convert XXX + 2 into a four-digit hex number, add eight zeros,
and insert in line 10.

If t-m is odd, convert XXX + 1 into a four-digit hex number, add eight zeros, and insert
in line 10.

When this procedure is complete the data tape contains 10 lines, forming one block of
data input. At the head of the block write "nnnn' and at the tail write *mmmm.,

Any number of blocks may be inserted, provided the separation symbols (nnnn and
mmmm) are used. When the data input sheet is completed, it is handed to Narec Research
Computation Center for further processing.

3. Manual Changes

a. If oblate spheroidal constants are desired, write on the blue machine-language
Instruction Sheet

Manual Changes: line 0413 - 0587 e7 0587 eb

07b3 - 0800 00 0000 00

07b4 - 0001 00 0000 00

6
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OPEIATOR INST.UCTION SHEET Date

RCC Problem Number Estimated Computation Time /S-/1/Ad

Problem Title Programer

Run Tel. Ext.

OUTPLT FO142AT: Copies original carbons.
A: DecimriT.- cols. F exadecimal, Decimal: --- cols.

I NUT TAPE INFOR14ATIO
Tape Locations Check Sum Tape Locations Check Sum
No. From Thru (if known) _ o. From Thru (if known)

1 453 040o 0 f 127SAo ,202* 6

2 2 oo 0000 .3 7

3 R? a'a 4 e On 8 __________8

SPECIAL INPUT INSTRUCTIONS, MANUAL CHANGES, AND STARTING ORDER

/) '.,' , ] '., ,/ J 1

07/2.

PRINT-OUTS
Estimated time to First Print-out Totl 1 t ,pH er of Output Lines

Tune Per Line oqtio5 Final Stop Order

RESTART ORDERS (
Read in Tapes

Manual Changes

Starting Order LO RO

DUMP: Output Format A B Other
in Tapes

Manual Changes

Starting Order LO RO

BPECIAL INS'RUCTIONS, ADDITIONAL INFORMATION, ETC.

Fig. Al - Sample of Operator Instruction Seet
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b. If the tolerance on Am,t is to be changed, compute the new tolerance as a two-

line Narec floating point number and write this number as

Manual Change: line 0610

0611

The tolerance on Am, is fixed at 10-11 in the program.

c. If the tolerance used in comparing N, _m+ 2 with --/I + Am is to be changed,
compute a new tolerance as a two-line Narec floating point number and write

Manual Change: line 05fe:

05ff:

This tolerance is started at 10-2 in the program.

d. If the eigenvalue tolerance (= t tol) comparing the change computed eigenvalue
for increasing N's is to be changed, compute a new tolerance as a two-line Narec floating
point number and write

Manual Change: line 06d0:

06dl:

This tolerance is fixed at 10- 11 in the program.

e. If the nth ratio tolerance (= n tol) comparing the change in NTm+ 4 as the
number of N'S increase is to be changed, compute a new tolerance as a two-line Narec
floating point number and write

Manual Change: line 06C3: . . . .

06C4:

This tolerance is fixed at 10-11 in the program.

f. Starting values for Amt depend upon whether h is considered "small" or "large."
A short discussion of the method of making a proper selection of the starting value for
Am4 is found in Appendix E.

As an example of the use of the instructions outlined above, we select the following
as an appropriate example of the preparation of a data input sheet.

Example: Let m = 1, t = 7, and h = 10 for the oblate case. We desire the largest
expansion constant to be d60 (note that the subscript must be an even integer). The data
input sheet reads as follows.
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nnnnn

080000 000000

000100 000000

070000 000000

000400 000000

OAOOOO 000000

000400 000000

OfMO00 000000

000600 000000

001fde 064Ae5

003EO0 000000

mmmmm

This sheet is sent to Narec Research Computation Center for further processing.

Since the spheroid is oblate, make the following "manual changes' on the standard
blue-colored Narec Operator Instruction Sheet:

line 0413- 0587e7 0587eb

07b3- 080000 000000

07b4- 000100 000000



APPENDIX B

REPRODUCTION OF COMPUTER PROGRAM IN SYMBOLIC FORM

NOTE: Any group of letters and numbers not specifically appearing in the list of commands
of Narec Bulletin #27 is to be considered a machine address. For example, spro, kl, k2,
etc. are addresses, while p, pd, mp are standard commands. \ Method of reading: at
address spro in the computer memory place the command "go to left half of address bgn
etc.

.J22 p
mp j22
p J24
J3 p

spro lo bgn mp JlO
0 p j25

k1 k1 a III p
ro 512 mP JlO

k2 J3 p -j14 pd
-J2 pd -J5 pd
p J9 p j26
J3 p j12 p
J5 pd mp J13
p J1O p J27
J3 p J26 p
mp j6 p/ j27
p Jii mp J22
-J5 pd j25 pd
p J12 kfdg pd
J8 pd p j28
p j13 fl yadl
j2 p k3 J9 p
mp J2 p JlO0
mp J6 k4 J1O0 p
p J14 cmp J5
mp j6 sn7 fl k5
p J15 fl k6
J2 p sn8 fl k7
j5 pd k7 J100 p
p J16 -J6 pd
J2 p p JO0
mp j6 fl k4
p j17 k5 jq20 p
-J5 pd p jq30
p J18 p jq31
j6 pd fl k12
p J19 k6 J5 p
-j8 pd p jq30
p j20 p jq31
j8 pd fl k12
j6 pd k8 J2 p
p J21 jq31 pd
J4 p p j32
mp J4 J5 pd
p J22 mp j32
p/ J6 p j33
p J23 J15 p

10
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-j5 pd k16 k16 a

p j34 lo 512

jq31 p k17 f MO

mp j6 
jlOl p

p j35 k18 p j400

j18 p 
adl 2

j35 pd 
k18

p j36 
jq3l p

j8 pd 
j6 pd

mp j36 
p jq3l

p j37 
fl k13

j34 p k19 jq30 p

pi j3 7  p jq3l

p j38 
p j104

j5 p kgl9 j104 p

-j38 pd j6 pd

mp j23 sn2 p j104

j33 pd 
cmp j102

p j39 snb fl qql

k9 fr 0 fl kg24

klO jq3l p snc fl kg24

-j5 pd qql nl k20

p j40 k20 k22 a

j17 p lo k21

jq3l pd k21 ).al k9

p j41 il k9

-j5 pd k22 k22 a

p j42 lo 512

jq3l pd fl k8

p j45 j39 p

j6 pd k23 p j300

p j44 adl 2

-j8 pd k23

p j43 jq3l p

jq31 p j6 pd

mp j40 p jq31

mp j4l fl kgl9

mp j42 kg24 jq30 p

p/ j45 p jq3l
p/ j45 p j105
p/ j43 k24 j105 p

p/ j44 j6 pd

mp j24 sn3 p j105

p jiOl cmp j102

kll fr 0 snd fl k25

k12 j5 p gk24 fl hvlO

p j900 fl hvlO

j9 p k25 -j400 p

j8 pd k26 p/ j900

khb p j102 k27 -j300 pd

jq30 p j28 pd

p j103 k28 p j901

p jq3l 
p j106

ki3 j103 p adl 2

j6 pd k25

snl p j103 adl 2

cmp j102 k26

sn9 fl kgI4 adl 2

fl k19 k27

sna fl k19 adl 2

kgl4 nl k14 k28

k14 k16 a fl k24

lo k15 hvlO j9 p

k15 lal kll j6 pd

il kll p j120



12 NAVAL RESEARCH LABORATORY

p J123 j124 p
-j6 pd -j6 pd
p j124 p j124
jq3C p fl hv22
p jl2l j124 0

hvll jl2l p 0
j6 pd 0

sn4 p j12l 0
cmp j123 hv28 lsr hv24

sne fl hv12 hv2 9
fl hvI5 hv29 j5 p

snf fl hv15 p 0
hv12 j401 p hv3O Wi0C p
hv13 p/ 3901 cmp j5
wblO p/ jo01 snj fl hv3l
hv14 p vl00 fl hv33

adl 2 sak fl hv3l
hv 12 hv3l yz12 p
adi 2 hv32 w100 pd
hvl 3 p yzl2
adl 2 adi 2
hvl 4 hv3 0
adi 2 adi 2
wbl 0 hv32
fl hvll fl hv3O

hvlS isi hvl4 hv33 yz12 p
hv 18 j5 pd

hv17 j5 p p yz12
hv18 pO0 k29 P p
hv22 vlOO p p j107
hw2l cmp j5 k30 j107 p

ft hw22 j6 pd
sng fl hv28 p j107

fl hw22 p jill
hw22 1st hv22 p j112

hv 23 p jq3t
hu22 Isi hv22 ni k31

hw24 k3l k33 a

hw23 adl 2 lo k32
hv2 3 k32 tal kil

hw24 O p it kit
p wlOO k33 k33 a
jq3O p 1o 512
p j122 k34 fl k1O

hw25 w10O p ni k35
hv23 mp 0 k35 k37 a
hv24 p W1O0 lo k36
hv25 j122 p k36 lal k9

j6 pd il k9
sn5 p j122 k37 k37 a

cmp j124 lo 512
snh fl hv26 k38 fl k8

fl hv27 j39 p
sni fl hv27 -j28 pd
hv26 adi 2 p j108

hv2 3 nip wzlO
fl hw25//

hv27 adi 2 p j109
hv2 2 -jiOl p
adi 2 sn6 p/ j108
hv24 4p
adr 2 snni cmp J109
hw2 4 fl kg39
adi 2 snn fl kg39
hw2 5 fl k30
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kg39 jq30 p p yzlO
p jq31 adl 2

k39 j9 p k58
-j6 pd adl 2
p jllO k60

k40 jill p fl k58
-j6 pd kv63 adl 2
p jlHl hv57

k4i jIlO p Isl hv57
-jill pd k58
fcl k55 isl hv57

k42 j112 p k6G
p jq3l adl 2
nl k43 k61

k43 k45 a fl hv56
1o k44 hv64 isr k61

k44 lal kll kv65
il kll kv65 j5 p

k45 k45 a p 0
lo 512 k64 ylOO p

k46 fl k10 cmp j5
nl k47 sns fl k65

k47 k49 a fl k67
1o k48 snt fl k65

k48 lal k9 k65 yzll p
il k9 k66 y1O0 pd

k49 k49 a p yzll.
lo 512 adl 2

k50 fl k8 k64
j39 p adl 2
-j28 pd k66
j113 pd fl k64
p j114 k67 yzl2 p
-jlOl p yzll pd
p/ j114 p yzl3
p j13 j113 p

k51 j113 p -j]O6 pd
mp jl3 p/ yz13
p/ jlO1 p yz14

k52 p k300 j28 pd
k53 j112 p snu p j28

-j6 pd yz14 p
p jl12 /p/

k54 adl 2 -j126 pd
k52 k62 fcl k79
fl k40 fl Itcl

k55 Isr k52 k70 pt 11
k56 f 1hov 4

k56 j5 p k68 ro k68
p 0  1o dj8

hv56 j5 p k69 j151 p
p yzlO p j103

hv57 k300 p p j104
cmp j5 p j105

sno fl k58 p j12l
fl hvG4 p j122

snp fl k58 p j123
k58 k30G p p yzll

cmp j5 p yzl2
snq fl k59 p j107

fl kv63 p jlll
snr fl k59 p jl12
k59 yzlO p p j113
k60 mp k300 nl apne
k6l p ylOo dj8 dj8 a



14 NAVAL RESEARCH LABORATORY

ro 512 vh14
dj9 J5 p f I vhlO

p j900 vh16 lsr vhl4

djlO dj50 p vh17
Is1 djlO vh17 j5 p
g142 4 P 0

j9 p vh19 CX10 p
j8 pd j5 pd
p j102 p cxlO
j151 p vh2C, bliGO p
p j103//
p j104 cmp j5
p jiO5 fl vh2i
Isi w18 fl vh24
k1 8 fl1 vh2l

isi w23 vh2l cxlO, p
k23 vh22 mp blGC;
isi W18 vh23 p C10O
k25 p cxiC,
isi w9 adi 2
k 26 vh2 C
isi w23 adl 2
k27 vh 22
isi w91 adl 2
k28 vh23
fr khb fl. vh20

djll lsr djf6 vh24 Isr vh23
dj12 vh25

dj12 j5 p vh25 j5 p
p 0 p 0
jq3C p vh27 jq30 p
p wylo p cqlU

vhlO wylO p vh28 cqlO p
jG pd j6 pd
p wylo p cqlO

vhll j901 p cql0 p
/p/ j17 pd

liov6 emp j5 p qclC
fl vhl2 p qc12
fl vht6 vh29 dUOo p
fl vht2 /p /

vh12 wyiC p crup j5
mp j6 fl vh30
j17 pd fl vh35
j5 pd fl vh30
p wyll vh3U cqlO p
-j6 pd//
mp wyll cmp qclO
p wyl2 fl vh3l
wylo p fl vh32
j17 pd Tfl vh32
p wy13 vh3l qcIO p
-j5 pd -j5 pd
mp wyl3 p qcll
p wy14 mp qc12
wvy12 p p qc12
p/ wyl4 qcll p
p/ j22 p qclO

vh13 mp jooi fl vh3O
vhl4 p blOC vh32 qc12 p

vhl5 adi 2 p /cq 10
vhll vh33 mp dUoo
adi 2 vh34 p vxlO
vh13 adi 2
adi 2 vh2 9
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adi 2//
vh33 cmp j5
adi 2 fi1 vh46
vh34 fl vh48
fl vh28 fl vh46

vh35 ls-r vh34 vh46 cGOo p
vh36 mp qq3

vh36 j5 p vh47 p vvx2
p 0 adi 2

vh38 vxIO p vh4 5
/p / adi 2
omp j5 vh46
fl vh39 adi 2
fl vh8O vh47
fl vh39 fli vh45

vh39 qq2 p vh48 rep 6
vh40 vxlO pd nr eap

p qq2 vh49 0
adi 2 0
vh38 vh50 vvxl p
adi 2 vh~l pt 11
vh4 0 adl 2

jhb fl vh38 vh5O
j9 p fr vh49
cmp 3151 J2 080000
fr ersp 0
fr vh44 000100
p bclO 0

vh4l -j5 pd J3 080000
p bcll 0
cmp jl~l 000200
fl vh42 0
fl vh42 j4 080000
bclO p 0
mp bcll 000100
p bclO 0
bcli p J150 OcOOOO
fl vh4l 0

vh42 J3 p 4 zz
J2 pd 0
emp j15l j5 080000
fr ersp 0
fl vh54 1 zz

vh43 p bcl2 0
-j5 pd j6 080000
p bc13 0
omp jl51 2 zz
fl vh55 0
fl vh55 j7 ocOOOO
bc12 p 0
mp bcl3 2 zz
p bcl2 0
bc13 p j8 080000

vh44 fr vh43 0
j5 p 3 zz
p bclO 0
fl vh42 J9 0

vh54 j5 p 0
p bc12 0

vh55 bcl2 p 0
p/bcl, 110 0
p/ qq2 0
p qq3 0
p vvxi 0

vh45 dUoo p j11 0
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0
o0
o j28 0

j12 0 0
o 0
o 0
0 jlOO 0

j13 0 0
o 0
o 0
0 jq2O 0

j14 0 0
0 c
0 0
0 jq3O 0

j15 0 0
o 0
0 0
0 jq31 0

j16 0 0
0 0
o 0

oj32 0
j17 0 0

o 0
o 0
o j33 0

j18 0 0
o 0
0 0
o j34 0

jig 0 0
o 0
0 0
o j35 0

J20 0 0
o 0
o 0
0 j36 0

j2l 0 0
o 0
o 0

j22 0 0o 

03

0 
0o j38 0

j23 0 0
o 0
o 0
o j39 0

j24 0 0

0 0
(1 j40 0

j25 0 0
0 0
o 0
0 j41 0

j26 0 0
U 0
0 0
0 j42 0

J27 0 0
0 0



NAVAL RESEARCH LABORATORY 17

0 0
j45 0 j112 0

0 0
0 0
0 0

j44 0 J108 0
0 0
0 0
0 0
0 wzlO Oa3d70

j43 0 a3d7Oa
Sf fffaOo

0 0
o j109 G

jiOl 0 0
o 0
0 0
0 jilO 0

j102 0 0
0 0
0 0
0 j113 0

j103 0 0o 0
0 0
o j114 0

j104 0 0
0 0
0 0
G yzlO 0

j105 0 0
0 0
0 0
0 yzll 0

j106 0 0
0 0
0 0
0 yzl3 0

j120 0 0
0 0
0 0
0 yzl4 0

j121 0 0
0 0
0 0
0 j126 OafecO

j122 0 0
0 ffdc0
0 0
0 wylO 0

j123 0 0
0 0
0 0
0 wyll 0

yzl2 0 0
0 0
0 0
0 wyl2 0

j107 0 0
0 0
0 0
0 wyl3 0

jill 0 0
0 00 0
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wyl4 0 vh48 1

0 040083

0 240030

0 lo kl

cxlO 0 psm 0

0 0

0 0

0 0

cqlO 0 0

0 0

0 0

0 0

qclO 0 0

0 0

0 0

0 0

qcl2 0 0

0 0

0 0

0 0

qcll 0 prep 0

0 0

0 wj7l 0

0 0

qq2 0 apne 240081

0 0400fd

0 apnf apnf a

c ro 512
bcl3 0 jq30 p

0 p jq3l

0 eop fl k12
0 stop

bclO 0 nrun 240083
0 040030

0 lo bgn
0 0

bcl2 0 fset PC 37

0 PC 37

0 pc 7

0 PC 4
bcll 0 PC 4

0 j2 p
0 0300fl
0 PC 37

qq3 0 PC 6
0 PC 4
0 pC 4

0 33 p
jl 0 0300fl

0 pC 37

0 pC 8

0 pC 4
w18 j400 zz pC 4

0 j4 p
w23 j300 zz 0303fi

0 pC 37

w9 j900 zz pC 37

0 pC 37

w91 j901 zz PC 16

0 PC 16
bgn rd psm PC 16

lo i400 pc 16

400 t psm pC 41

j2 8 j28 p

t prep fl k70



NAVAL RESEARCH LABORATORY 19

vh80 .J17 p lo dj6O
cmp j15l dj60 lal k9
fr ersp il k9j
fr vh83 djf6l dj~l a

vh8l fl vh84 1o 512
-j5 pd dj62 fl k8
p hall J39 p
cmp j151 -j28 pd
fr vh82 j113 pd
fr vh82 p j114
halO p -jiOl p
nip hall p/jl 14
p halO p j113
hail p dj63 p ggiO

vh82 fr vh8l p nist
qq2 p adi 4098
ha10 pd dj63
p qq2 j112 p

ersp fr jhb -j6 pd
ni vh83 p j112

vh83 Obad82 fl dj52
j5 p dj64 Isi wj65
p halO dj 40
fr vh82 j13.2 p

halO 0 j6 pd
0 p jill
0 jq30 p
0 p jllo

hall 0 fl dj52
0 wjG5 dj65 zz
0 0
0 dj65 adi 2

vh84 j17 p dJ63
jq3O pd isi dj63
p halO dj7O
fr vh8l dj7O 0 p

dj5O jq3O p cmp j5
p jq3l fl djf6
j1l50 P fl dj72
p jill djf6 p j901

dj42 p j112 skip
j151 Ii adi 2
p J113 djf 6
j5 p adl 2

dj4l p ggll dj70
dj~l J9 p fl dj70

p jilO 0
dj52 jill p dj72 lsl wj71

-j6 pd dj7 1
p jIll lsr w9

dj53 j11O p dj73
-jill pd dj7l adr 0

dj4O fcl dj74 dj73
dj54 j112 p dj73 .j5 p

p jq3l p 0

ni dj55 fl djll
dj55 dj57 a k79 j160 p

lo dj56 j5 pd
dj56 lal kil hov7 p J160

ii kll cmp j7
dj57 dj57 a fl k69

1o 512 fl k69
dj58 fl klO fl kv70

nil dj59 J160 0
dj59 dj6l a 0
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0 fi1 dj42
o ntol Oafec0

kv7O wzi0 p 0
p/kt en ffdc00
p wzlO 0
J151 p ltdl j28 p
p J160/O
f lhlov5 p j29

kten 080000 isI' mbl
0 k62
2 zz fl k79
0 mbi ltc2 zz
0 0
0 ltc2 j28 p
0//
0 -j29 pd

dJ74 nist p//
/p/ -itol pd

p n~su fcl 1100
isl wJ74 fi fset
dj40 0
isl wj4l 100 j28 p

dj4l//
isi wj63 p j29
dj63 fl k79
J150 p itol OafecO
kten pd 0
p w15O f fdc 00
p Jill 0
fl dJ42 J29 0

wj74 dj75 zz 0
0 0

wvj41 ggll zz 0
0 kfdg 080000

wJ63 gglO zz QOC0fO
0 1 zz

w150 0 0
0 yadi nrlb p
0 -j5 pd
0 fcl zin

nist 0 fl vav
0 vav j4 p
0//
0 cmp m992

nlsu 0 fl k3
0 fl gnui
0 fl gnui
0 zin j4 p

dj75 -nisu p//
,/nls t/pd cmp m992
/P / fl k3
cmp ntol fl gnu5
fl dj64 fl gnu5
fl dJ64 gnul j3 p
nist p -j2 pd

/p/ mp j6
p nlsu j5 pd
isi wJ4l p m9r2
dj4i mp m9r2
Isl wj63 p m9r3
dj63 mp m9r2
w150 p p m9r4
kten pd mp m~r2

p w150 p m9r5
p jill mp m9r2

p m9r6
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nip ni9r2 nip ni~re
p mi~r7 p mlrh
mp m9r2 miDr4 p
p ni~r8 nip m8rd
j4 p ni9rh pd
nip j4 nip n~re
p mllra p/ mirr9
nip j4 p miart
p m~rb m~r2 p
nip j4 nip mare
p m9rc p/ ni8rl
mp j4 -ni9rt pdi
p m9rd ni9rq pd
j2 p p/ ni9rb
nip j2 p ni~ru
p m9re ni9r7 p
nip m~re nip ni8rg
p mare p m9rh

gnu2 j4 p m9r5 p
nip m~r2 nip ni88f
p m9rf p m9rk
m9r3 p ni9r3 p
m8rO pd mi) clal
p/ m8rl m8rh pdi
p m9rg m9rk pd
m~re p m9rh pdi
nip ni8r3 p/ m8rf
p ni9rh p/ ni8rf
-m'-rh p p m~rt
ni~r3 pdi n9r5 p
m8r2 pd nip m8rn
nip m~r2 p m~rh
p/ m~r4 m~r3 p
p/ j4 mp m8rj
p ni~rj p niOrk
mcr3 p m8rp pdi
nip ni8r5 m9rh pdi
mcr5 pd nip mcire
ni~r6 pd p/ m8rk
nip ni~rO p morq
p ni9rk m9r3 p
m~r3 p j5 pdi
J5 pdi np mare
nip m~re nip mOll
nip ni8r8 p/ m8rl
p m~rh -m9rq pdi
-mOizh p ni9rt pd
ni~rk pd p/ m9rc
p/ ni8r7 p m~rw
p/ m~ra ni9r8 p
p ni9rn nip ni8rq
ni~rG p p ni9rh
nip ni8ra m9r6 p
p ni9rh nip m8rs
ni~r4 p p ni9rk
nip ni8rb ni9r4 p
p m9rk nip ni8rt
m9r2 p p m9rq
nip ni8rc m9r2 p
ni9rk pd nip ni8ru
m~rh pd ni9rq pdi
p/ m8r9 ni~rk pd
p/ ni~r9 ni9rh pd
p nigrq p/ m8r7
m9r2 p p/ m8r7
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p m9rh p g3f7
rn9rG p j2 p
rnp m3rv mp j2
p rn~rrk p g3fS
ml-r 4 p mp g3f3
mp mU~rw p g3io
p mlrq mp g3f 8
mcr 2 p) p g4fO
mp m~ry gnuG g3±'4 p
m9rq pd mp j4
mlrk< pd mp jG
mp mo~re p g4fl
p/ m8r3 g3f 5 p
p/ m8r7 -g3fu8 pd
p m9rk j5 pd
m8rz p p/ j6
mp m9r4 p g4f2
p m9rq p/ g2ck
m9r2 p p/ j4
mp m 'rO mp g3f4
m9rq pd p g4f3
mp mare g3f6 p
p/ m8rkc mp m8rO
p m~rq p g~aO
m~r2 p g3f5 p
mp in~re mp m992
p/ m~rl p g~al
p rn9rt g3f5 p
-mOrt p mp ni991
mgrq pd j5 pd
-m~rk pd mp g3f8
mcrh pd mp j6
p/ m~rd p g5a2
p m ;rx -g5a2 p
f I hov I g3f9 pd

gnu3 m~rf p j5 pd
in~re pd g5al pd
-m9rg pd g5aO pd
-mgrj pd p/ m8r4
-mUrn pd p/ g3f0
-m9ru pd p g4f4
-m9rw pd g3f6 p
-mgrx pd mp m8ra

gnu4 p j28 p g~aO
fl k3 g3f5 p

gnu5 j4 p mp g2c2
mp j4 p g~al
p g3fO g315 p
mp j4 mp g2cl
p g3fl g2c4 pd
mp j4 mp g3f8
p g3f2 mp j6
mp j4 p g5a2
p g3f3 g3f9 p
j3 p mp g2c5
-j2 pd -g5a2 pd
mp j6 m8rd pd
j2 pd g~al pd
J5 pd g5aO pd
p g3f4 mp g3f4
mp g3f4 p/ m8rk
p g3f5 p/ g3fl
mp g3f5 p g4f5
p g3f6 g3f7 p
mp g3f5 mp m8rg
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p g5aO g2cb pd
goofG p g5a2 pd

mp g2c3 g~ai pd

p g~al g5a0 pd

g3f5 p znp g3f4

mp g2cS p/ g2cj
p g5a2 p/ g3f3
g3f6 p f I hov3
mp mO92  gnu7 -g3f0 p
p g5a3 g4fl pd

g3f5 p -g4f2 pd

mp g2cl -g4f3 pd

m99l pd -g4f4 pd

g5a3 pd -g4f5 pd

nip g3f8 -g4fG pd
mp m992 -g4f7 pd
p g5a3 gnu8 p j28
g3f5 p fl k3
mp g2c5 m8rO 0a0000
g2c8 pd 0

nip g3f9 3 zz

nip m991 0

p g5a4 xn8rl 080000
g4fO p 0

nip j6 4 z7

p g5a5 0

-g5a5 p m8r2 GbOOOO
g5a4 pd 0
-g5a3 pd 4 zz

g2c7 pd 0
g5a2 pd m8r3 080000
g5al pd 0i

g5aO pd 6 zz

p/ m8r7 0

p/ g3f2 m8r4 080000

p g4fG 0

g3f7 p 7 zz

nip m8rq m c5 dOO
p gbao mI5 OO0

g3f6 p I0
nip g2cg 5 zz

p g5al 0

g3f 5 p m8rG Casooo
mp g2ca0
p g5a2 5 zz
g3fG p 0
nip g2cc in8r7 080000

p g5a3 0

g3f 5 p- 11 zz

nip g2cd 0~8 OOC
g 2ce pd r8 oco

g5a3 pd 0
nip -3f8 9 zz
p g5a3

g3 f5 p m8rg 08C000
nip gr2cf C
g'~cg pd 8 Z7

nip g3f 1;
p g 5a 4 m8ra 084C0C,

g4fc, p 0
nip g~ch 0 z7

p g5 a 5
- g5a5 p m8rb 0c74-C
g5a4 pd t
-- 5a3 I-d 11 zz
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0 m~r3 0 zz
ni~rc Ojaf aSo G

13 zz
o m88f 09aGO

m8rd 01;4000 0
o 13 zz

6 zz 0
(I clal Cjag3fG

m~re 0a7000 G
0 16 zz
8 zz 0
0 m~rh Oaf~cG

m~rf 080000 0
o 15 zz
9 zz0
0i m8rj oa3cOO

m8rg OfcOOO
o 11 zz
6 zz 0
0 m8rk 080000

nrlb 0 zz 0
0 IC zz
0 0
0 ni8rn CeGOOO

m8rt Ofedf9 c
o 7 zz
20 z70

0 m8rp Ob7cO

m8ru 088d0±' c
C60000 10 zz
22 zz 0

(im8rq 083c00O
m8rv 0b3580j 0

0 10 zz
13 zz 0
01 m~rs 0f0590

m8rw Of~lfo 0
0 16 zz
17 zz o
o m9l02 GaGOOO

m8ry 091f8e 0
G 4 zz
19 zz 0
G m9r4 0 zz

m8rz 0h1800 0
0 0

9 zz 0
0 m9r5 0 zz

m9r0 Obc2G0 0
o 0
15 zz 0
0 m9r6 0 zz

m~rl 080000 o
0 0
5 zz 0
0 m9r7 0 zz

m991 OcOOGO 0
0 0
2 zz 0
0 m9r8 0 zz

m9r2 0 zz 0
0 0
o 0
0 0
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m( rO 0 zz

o 00 m~iirx C z
ni~r a C, zz G

o 0
0 c

m9rb C zz g2cl CbUDOGC

G 5 zz
C 0

m9rc 0 zz g2c2 Ce4000r 7 z
U 0

m9rd 0 zz g2c3 0aaG00

o 9 zz
0 G

m9re 0 zz g2c4 0:8000
0 0o 5 zo C

m9rf 0 zz g2c5 CdoiCQO
U 0

G 4 Z7
0 0

ni~rj bzz g2c8 OcCOOG

0 8 zzo 0
m9rh C zz g2c7 681580

O 13 zz
C, 0

m~rn zz g2ca Gcoa3o3
C, 0
0 17 zz

G 0
m~lrq C zz g2cb 01540

C 10 zz
0 0

m9rt 0 ZZ g2cc OeacOO

0 10 zz

mare 0 zz g2cd OcaGOO
0 0
c; 10 zz
C 0

m~ru 0 zz g2ce OecOC
0 0

0 10 zz
G 0mare C zz g2cd 0e8800
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0C
9 zz 0
0 C

g2c g CoecCjo gfl I zz

10 zz 0
(1 0

g2ch Cd4000 g4f2 G zz

0C
6 zzC
0C

g2cj 030)00 g-4f3 C zz
0 C
14 zz0
0C

g2ck 1, CluoocC g4f4 C zz
0 G

3 zz C
C c

g3fO C zz g4f5 0 zz

0 0
o C

g3fl 0 zz g4fC C zz
0 0
0 0
C 0

g3f2 0 zz g4f7 0 zz

cl 0
o 0
C 0

g3f3 C ZZ g5aC 0 zz
C 0

0 C

0 C

g3f4 C zz g5al C zz
0 0
0
o 0

g3f5 U zz g5a2 G zz
o 0

0 0

g3f6 0 zz g5a3 0 zz
C 0

0 0
o 0

g3f7 0 zz g-a4 0 zz
o 0
o 0
0 0

g3f8 0 zz g5a5 0 zz
o 0
G C

0 0
g3f9 0 zz morf p

0 1II
op g3fO

0 m9rx p

g4fO 0 zz 1II
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P g3flI
g3f0 p
MP hov2
-g3fl1 P(l
fC I gnu3
f I k3

hov2 0a 3 7 0
a 3d (70,a
f ff900
000000

hov3 P g4f 7
g3fO p

1ci
p m9rf
W~7 p

I P;
p mgrg
m9rf p
MP hov2
-m9rg p(I
fc C g ?nu 7
f I k 3

hov4 PC 37
PC 16
PC 16

PC 16
PC 41
i 126 p
Pt 11
nI k68

h0v5 j 126 p
mp m8ro
mp j6
p j 126
p 'ttol
Is r hov6
hov7
f I k69

NOTE: Reserve in the memory 200 consecutive floating point number locations for each
of the starting addresses listed below. There will then be in the memory 2200 floating
point number reservations. For example, beginning with address b1QO there will follow
b101, b102, etc., each of which is reserved for storage.

MOO0

cQoo

j300

j 400
j900

k3 00

vXlO

vvx 1

v 100

W100

VlOO



APPENDIX C

REPRODUCTION OF PROGRAM IN MACHINE LANGUAGE FORM

The following list of commands is a Narec "machine language" translation of the
symbolic program appearing in Appendix B. It is to be noted that list contains both fixed-
point and floating-point commands. Two columns of numbers appear in the list. The
left hand column is extraneous to the actual computation schedule. It is used only for
visual identification of the lines in the right hand column which constitutes the true read-
in. The left-hand column is not read into the computer. However the lines in the program
must be read in consecutively beginning at address 0400.

Each line of command consists of twelve hexadecimal digits. They are interpreted
by the computer logic from left to right as follows:

digits 1 through 4 represent one address in memory

digits 5 and 6 represent a fixed-point or floating point order

digits 7 through 10 represent one address in memory

digits 11 and 12 represent a fixed-point or gloating-point order.

Note that the program starts in fixed-point. To enter floating-point as a particular

address one uses the standard form

(address) 50 0200 11

To exit floating point into fixed point one uses the symbols E4 or E5.

The symbol indicates the division of a Narec word between the left order and the
right order.

The symbol * means "skip this order."

28



APPENDIX D

TYPICAL OUTPUT SHEET

A typical output sheet is reproduced below with added description of the meaning of the
numbers. A number without a decimal point is interpreted as fraction followed by an
exponent. For example

+65511109498 +02
is

+65. 511109 498

29
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nn

0000

* +0.000000000 -2

S +6.
h +6.60O

0000 +65511109498 +02 Eigenvalue
0001
0000 +10000000827 -07 precision of Eigenvalue
0002 +10936175364 -01
0003 +96013725118 -01
0004 +38634237703 +00
0005 +83439671453 +00
0006 -3936213o016 +00
0007 +73217232273 -01
0008 -78111671012 -o2
0009 +55342208234 -03
0010 -28240348o44 -o
0011 +10937705008 -05
0012 -33366809971 -07
0013 +82430513625 -09
oo14 -16852080723 -10
0015 +29012288326 -12
oo16 -42668929896 -14
0017 +5426o16o987 -16
oo18 -6o277682314 -18
0019 +59019532925 -20
0020 -51329455278 -22
0021 +39924268608 -24
0022 -27941066789 -26
0023 +1769o62699 -28
0024 -10182634883 -30
0025 +53519977323 -33 Prolate Spheroidal Wave
0026 -25790419362 -35 Expansion Constants

0027 +11436285148 -37
0028 -46823211649 -40
0029 +17755655572 -42
0030 -62540105973 -45
0031 +20515535018 -47
0032 -62832443777 -50
0033 +18007915429 -52
0034 -48401306663 -55
0035 +12224784786 -57
0036 -29O69549227 -60
0037 +65196116625 -63
0038 -13814023500 -65
0039 +27696278773 -68
oo4o -52622999510 -71
0041 +948851732D4 -74
0042 -16258237917 -76
00N +26506679241

-41169066792 -2
0045 +60984915784 -85
oo46 -86255720730 -88
00o47 +11660682339 -90
oo48 -15082269790 -93
0049  +18682422465 -96
0050 -22183121071 -99



APPENDIX E
NOTES

The computation results shown in Appendix D requires 116 seconds for completion.
This time depends largely on the precision of the eigenvalue deemed acceptable. The
precision is controlled in turn by the number of times the corrections 6Am is applied to
the eigenvalue AT1 . In this program the number of corrections is set at four. If greater
precision is demanded, one enters the program on the right side of location 069C and
replaces the existing address (=058F) containing the existing number of corrections
(minue one) with another address containing a larger number. For example if it is desired
to apply 9 corrections to k, instead of 4 corrections one scans through the program to
find the fixed number "8." This is seen to be at address 0793. Hence location 069C is
changed to read

069F F.8 0793 FX

The computation of Ami is highly sensitive to the starting value inserted in address
05B9. When h is large (i. e.>10) we use a formula by Meixner (5) to help fix a good
approximation for AmI. The Meixner approximation has eight terms (prolate) or seven
terms (oblate). In the program the first term in either case is multiplied by a small
number (10 - 2 /2) fixed in location086Band086C. The last term is then compared with the
resultant multiplication. If the last term is 1/100 or less of the first term then the
Meixner approximation is used. Otherwise the standard approximation (i.e. approximation
h - 0) is used.

31
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0400 063810000000 Go to left order of 0638 fl *

0401 040150020011 Enter floating point

0402 0585e60583ea.-

0403 0593e8O585e6

0404 058be90595e8

0405 0585e6058deb

0406 0597e8O58bea

0407 0599e80591e9

0408 059be80583e6

0409 0583ebO58deb

040a 059de8058deb

040b 059fe80583e6

040c 058be905ale8

040d 0583e6058deb

040c. 05a3e8O58bea

040f 05a5e8O58de9 Compute "Starting' Amt

0410 05a7eSO591ea (t+l) + h2 [2t(+1)- 2m2 
- +1.0000.... 050

0411 05a9e80591e9

0412 058de905abe8

0413 0587e60587eb

0414 05ade8O58dec

0415 05afe8O5ade6

0416 05adebO5ble8

0417 0585e60595eb

0418 05b3e80597e6

0419 0595ebO59dea

041a 058beaO5b5e8

041b 0599e60590eb

041c 05b7e805b5e6

041d 05b7ecO5adeb

041e 05b3e906d4e9

041f 05b9e806d6e2 Store Amt in 05B9 II Go to left order 06D6
0420 0593e605bbe8 Is t -m an odd number or an even number?

0421 05bbe6O58bdc
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0422 0426Q20428e2

0423 0424e20000e0

0424 05bbe6O58dea

0425 05bbe80421e2

0426 05bde6O5bfe8 - m is even) bring up zero fl Store zero in 05BF

0427 05cle80445e2 Store zero in 05CI II Go to 0445

0428 058be605bfe8 -m is odd) Bring up 1 I Store '1 in OSBF

0429 05cle80445e2 Store "1' in OSC1I Go to 0445

042a 0583e605ce9-

042b 05c3e8058be9

042c 05c3ebO5c5e8

042d 059fe6058bea

042e 05c7e805cle6

042f 058debO5c9e8

0430 05a5e605c9e9 Compute rm= (m+n) (m+n+1)

0431 05cbe80591e9 h2 [ 4M2- 1 1
0432 O5cbeb05cdc8 +-2- - (2m+2n-1) (2m+2n+3)

0433 05c7e6O5cdec

0434 05cfe8058be6

0435 05cfeaO5afeb

0436 05c5e905dle8

0437 OOOOe3OOOOeO

0438 05cle6O58bea

0439 05d3e8O5a3e6

043a 05cle905d5e8

043b 058beaO5d7e8

043c 05cle905d9e8

043d 058de905dbe8

043e 059leaO5dee8

043f 05cle6O5d3eb

0440 05d5ebO5d7eb
0441 05d9ecO5d9ec

0442 05deec05dbec

0443 05blebO5eOe8

0444 0000e30000e-'--
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.0445 058bc619O0e8
0446 0593e60591e9
0447 05e2e805bfe6
0448 05e4e805cle8
0449 05c4e6058de9
044a 05e4e805e2dc
044b 044de20456e2
044c 0456e20000e0
044d, 044ee40000e0
0,14e 045050044fl0
044f 04441200444122
0450 045050020010
0451 0438e205e0e6
04152 0890c80000e0
0453 0002d0045200
0434 05cle6058dc9
0455 05cle80449e2
0456 O5bfe6O5cle8
0457 05e6c80000e0 Compute ~m+ + m=
04158 05e6c6058de9 (NL1+2 12 Nm
0459 05e6e805Q-2dc
045a 045cc20465e2
045b 0465e20000e0
045c 045de40000e0
0,13d 045f50045e10
045e 0437 20043722
045f 045f50020010
0460 042 a e205 dle6
0461 Oa2Oe80000eO
0462 0002d0046100
0463 05cle6058de9
0464 05cle80458e2
0465 05bfe6O~cle8
0466 05e8e80000e0
0467 O5ede6OS8de9

0.168 O5c8c8U3c2dc Finished?

0169) 046be20474e2 No: Go to 046B31 Yes: Go to 0474

0,16a 0474e20000e0 Yes: Go to 0474 I
0,16b 0890e70000c0

046c 1900OeOUcO

046d Oa2OeaU~bge9

046e 1902c805eae8 IStore NZ112 in O5EA

0-16f 0002d0046b00

04170 OOO2dnO4GcOO

04171 0002d00-46d00

04172 0002d00416c00

0473 097FE200OOEO
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U9 I 'i 059ie6058de9l /m 2
0475 O5ece8O~f2e8 Compute t-M-2x for x =1, 2,
0l476 058dea049fe8 X
0477 O)5bfe6O~eee8 (~~)
0478 05eee6058dc9
0479 O5cee8O5f2dC II Finished?

0,17 a 047cu20485u.. No: Go to 047C H Yes: Go to 0485

047b 04 8 5ca(0.(, Yes: Go to 0485

047c 0892e60000e0
047d 1902ecOOO0cO
047e 1902ec0000e0
047f ObbOeSOOO0c0
0480 0002d0047c00
0481 0002d0047d00
0482 0002d0047f00
0483 0002d0047c00
0484 0478e20000c0-

0485 047fd8046700-

0486 O58bt:60000QU

0487 OOOUU80UU0eO

0488 0bb0u6000Uu0

0489 058bdc048bc2 Finished? II No: Go to 048BotrLp

048a 04alQ2048bu2 lYes: Go to 04A1II No: Go to 048BI-

048b 0488d8049100

048c 0488d8048e00

048d 0002d0049100

048e 0000e60d40e8 3',

048f O5bfe6O5fOe8 CoffPutI trne etc.
I(~m2_ LN m2 ) 2]

0490 Od4Oe60000eO

0491 OOO0ebOOOOeO

0492 Od4OeSOOOOcO

0493 O5f~e6OS8dug

0494 O5fOeBO49-fdc IIFinished? 0494 ner
6495 0497e20499e2 No: Go to 0497 II Yes: Go to049 Lo
049C 0499e20000e0 Yes: Go to 0499 1
0497- 0002d0049100
0498 0490e20000e0
0499 0002d0048800
049a 0002d0049200
049b 0002d1048e00
049c 0002d0049000
049d 049fe6058dea
049e 049fe80488e2
049f 000000000000
04a0 000000000000--
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0fll 0492d904a200.-

04la2 05Sbo60000e8

0.1"10 Odi10c605Sbdc Compute L 3 /W m~r-

0-M5 04la6u20000e0

0-1.6 05f4e60000e0

0 1n7 0d40e905f4e8 IIStore computation in 05F4*

04a8 0002d004a300

04a9 0002d004a700

04aa 04a3c20000e0

O4ab 05f4e6058be9

O4ac 05f4e80000e0

04ad 0593e605f6e8-

04ae 05f6e6058de9

04af 05f6e805f8e8 Stor mae~x. (n +2x) in 05F8

04b0 05fae805cle8

04bl 04b2c40000e0

04b2 04b45004b3l0

04b3 044420044422

04b4 04b450020010

04b5 0438e204b6e4

04b6 04b85004b710

04b7 0432004722Compute LNm+~1 for determining (n +2x) max.

04b8 04b830020010

04b9 042ae205dle6

04ba 05b9eaO5fce8

04bb 05fccbOOOOf9

04bc 06O0e8O5e~e7

O4bd O5fcecOOOOf9

04be OGOOdcO4cOe2 Finished? flYes: Go to 04C0

O4bf O4c~e2O4ace2- Yes: Go to 04C0 No: Go to 04AE



NAVAL RESEARCH LABORATORY 37

04c0 05bfc605cle8

04c1 0593c6058dea

04c2 0602c8O000eO

04c3 05f8e6058dca

04c4 05f~Se8O00~c0

04c5 0602cG05f8ca

04c6 O4dbf40000c) If finished go to 04DB I

04c7 O5fac6O5clc8

04c8 04c9c40000cO

04c9 04cb5O04ca10

O4ca 044420044422

04cb 04cb50020010

0 4 c c 0 4 3 8 c 2 0 4 c d 4 C m u e N T - + 2 X 2 f o x 1 , . .
04cd 04cf5O04ce10 Copue m 1fox 1,..

tC+m+2x

O4ce 043720043722

O4cf 04cf50020010

04d0 042ae205dle6

04d1 05b9ea0604c9

04d2 0606e805e~e7

04d3 0606ec0604e8 IIStore [Nt...m+2], in 0604

04d4 0604e60604eb

04d5 O5eOecOOOOeO

04d6 Oedft80000cO Store (NmE m+2z) / in QEDO

04d7 O5fae6O58dea

04d8 O5fae8O000eO

04d9 0002d004d600

04da 04c3e20000e0



38 NAVAL RESEARCH LABORATORY

04db 04d6d904dc00,

O4d 058beG3O00~e8

O4dd 058buG608u8

O-Ide OcdOu6O58bc

Oldf 04clc20'lvfe2

04e0 r).It-lu20000cO

0O'Iel OudO~cO5Sbdc

i.'kc 2 OI u 20 -1 ac 2

0.400 O4clu20000eO

0'4o5 OedOebUO00cU
(N m+ 2 )

2  
(Nm 2

2  (NM+
04c,6 1O60u8~OGO8c8 Compute -+ ,, (N~+

04lc7 OOO2dC04cl00 t -+2 I-m+2 I-+

04c8 0002d004c500

04c() O4ec20000cO

O4oa OOO'--dUUldLUO

0C-lub 04dcdUO4v10O

04ue 0,1dcd80.lc5O0

C-1kd COO2dO'letOO

04ee 04ddu.2UOC0cO

O4of 04c6d004f000

04f0 058beG0000c8

04f1 lOG6U5S03bdc IIFinished?
04f2 0.1f4c204f9c2 No: Go to 04F4 IIYes: Go to 04Ff)

0If 3 04f4Q2000~e0 No: Go to 04F4

04f4~ ~~~ _GnCQ~O IISoe E m+2 ) / t-m+21 [(N~m,+ 4 )2 
I-+4]

04f5 106OutO6Uae(. etc.in6OA*

04If6 0002d0U4flOO

04Jf7 OUL02d004f500

0*1f 1: 0 (1 f IU2UC(,cc-0
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04f9 05f4uGOU O;11"U Bring up 1 + I' / n /(N _m) 2 etc 11 Add '. (N m +2/[3M

04fa 060cutU0J.vub Store in 060C I Bring up [N

Cl. f b 05Ua(IC.G0CCm Subtract (Nm2]2 I Divide by 060C to form A

04fc 0600u, , b0'oO Store bA,, in 060E [[ Add Amt

04fd 05b9uSOGOuuG Store bArnt + Am, in OSB9 11 Bring up 6Arn

04fu OOCOlU1lUua Form abs value II Subtract tolerance in 0610

04ff 06ibfI.06c5c2 Does Amt meet precision? No: Go to 0693 [ Yes: Go to 06C5

0500 00O bI0087:3c2 Output: Print to 11 significant digits II Go to 0873

0501 05U111030,i0 Go to right side of this line 11 Go to left order of 0509

0502 0632UbuST.lvt Bring up zero from 0632 U Store zero in 05E4

0503 05uUt.,5obuF "-in 05E6 I in 05E8

050.1 05Oct.805fouS - in OSEE I 'in OSFO

0505 05f2e5U60aub -in 05F2 -l in 060A

0506 05f1 ;05f6kb - in 05F4 -" in 05F6

0507 05r8U805f uV - in 05F8 -" in OSFA

03sO 0604c806,17u4 - in 0604 fl -Enter fixed point at 0647

0509 050I5CU2'-UG11 Enter floating point

0Sea 058buG19UCUb- Bring up "1" I Store in 1900

050b 066uuGb0CUV0 Dummy command

050C 050bd80.IaC.0 Change exit from 046A to 066E

030d C5 90uG051Ulub Bring up n-m 11 Add "4"

050 05c2(b0U032U Store n-m+4 m 05E2 I Bring up zero

050f 0354uSOU56e8 Store zero in 0524 fl Store zero in 05E6

0510 05UClEc0000u0 Store zero in OSER II *

0511 0634d8O450

0512 0633d8046100

0513 0634dUO 16b00 Compute all [N] __m_

0514, 0636d80,16c00

0515 0G35d80,1Gd00

0516 0637dPO,16u00

0517 0447u30000e0-
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0o18 (692d051900-- Transfer 19xx [=Nxxx ] to right of 0519

051P 058b-'GO00008 Bring up "1" 11 Store "1" in 1902

031a 03bfcGOUl2u8 Bring up zero (even) or 1 (odd) 11 Store in 0612

031b OG12o605doO Bring up zero or "1" 11 Add 2

031c 0G12cSu0000c0 Store0(or 1) + 2x in 0612 (:counter) fl *

r31j 1902LcU0000U 9 Bring up 1902 + 2x 11 Form abs value

05c O5Ubdc052002 Finished? 11 No: Go to 0520

031f 05'fc0520e2 Yes: Go to 052F IL No: Go to 0520

0520 0612eG0S'dcb Bring up 0(or 1) 1 2x 11 Mult. by 2

0521 05ajcO958bc9 Add 2m I1 add 1

0522 061.1cS058dua Store in 0614 II subtract 2
0523 Ol-Iub0616u8 Multiply by 0614 1! Store in 0616

032,1 OG12c03a3c9 Bring up 0(or 1) 12 x add 2m

0525 018cS038bca Store in 0618 11 Subtract 1

0526 0618ebOGac8 Multiply by 0618 1I Store in 061A

0527 O616u6061aec Bring up 0616 II Divide by 061A
0528 05aducO000cO

0529 lO02cbOOOOeO

052a 11f0e80000uO

052b 0002d0051d00

052c 0002d0032900 Compute all dn-]

052d 0002dOO52aO0

052e O51be20000eO--
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052f 052ad9053000-
0530 058be60000e8
0531 061ce6058be9 Cmued2 d, d6 ec
0532 061ce80000e 0 - Comut Ky- ~, - etc
0534 llf~e6c05~f9 Finished? 11 No: Go to 0536
0.535 _D5d o53e Yes: Go to 053D IINo: Goto 0536 ___

0536 061ce60000eO
0537 llf~ebOOO0eO
0538 1380e8061ce8
0539 0002d0053300
053a 0002d0053700
053b 0002d0053800
053c 0533e2000%f'0-

053d 0538d ,Q uJQc0

053e 058bubOOC~u8

053f 05bfe.6O61UQ8

0540 O6leuU6UbdU9

0541 06lue8O6lcc6 Compute (+ 2m)! d
0F

0542 05a3u90620e8

0543 0622c8OO00e0

0544 1380e60000ofg

0545 058bdc0547e2

0546 0555c20547c2 Finished? Go to 0555

0547 O61ce6OOO0f9

0548 0620dc054ae2

0549 054ee2054eu2

054a 0620eGO58bea

054b 0624e80622eb

054c 0622e80624c6

054d 0620e80547e2

054e 0622e606leec

054f 10'8Oeb0OO0uO

0550 l510e8Q0U0u0

0551 0002do054400

0552 0002d0054100

0553 0002dU055000

0554 0540e20000e0
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0555 0550d9055600"

Compute Z (n + 2 m)! d0556 05SbuG0000cS T n: d,
n

0537 1510U60000f9

0558 05bdc055ac2 Finished? 11 No: Go to OSSA

0539 065ce2O55ae2 Yes: Go to 065C II No: Go to 055A

053a 0G2GcG0000 0

055b 1510c90626e8

035c 0002d0055700

055d 0002d0055bO0

053C O557e20593u6 Return to 0557 II Bring up '4-m"

033f 062dcU6t5e3- Compare with zero II (t-m) <0. Error: Go to right of 0665

0360 056o3062au8 (0-m) = 0. Go to right of 056E I (C-m) > 0. Store (t-m) in 062A

0561 058bua062cu8 Subtract "11 1I Store in 062E

0562 0632dcO566e2 Compare with zero 11 (t-m-1) < 0. Go to left side of 0566

0563 0566o2062ae6 (R-m-1) = 0. Go to left side of 0566 11 ('--l) > 0. Bring up 062A

0564 062ucb0G2au8 Multiply by 062E 11 Store in 062A

0565 062cc60561e2 Bring up 062E 11 Go to left side of 0561

0566 05 85c60583e9 Bring up -,C" [ add AmC

0567 0632dc0665u3 Compare with zero 1i (-m) <0. Error: Go to right 0665

0368 0 570e20000eO 4 Compute d0 or d1  (,R+m) = 0. Go to left of 0570 II *

0569 062cu8058bca (+m) > 0. Store (m) in 062C Hj Subtract "I'
056a 0628e80632dc Store (+m-l) in 0628 11 Compare with zero

056b O571u20571e2 (t+m-1) < 0. Go to left of 0571 11 (t+m-1) = 0. Go to left of 0571

056C 062cc60628eb (+m-1) > 0. Bringup 062C I Multiply by 0628

036d 062cu80628v6 Store result in 062C I1 Bring up 0628
0560 0569u3058be6 Go to right side of 0569 11 Bring up 1

056f 062au80566c2 Store in 062A I Go to left of 0566
0570 OSSbc6062cU Brring up "i"' Store in 062C

0571 062cU6OUG.acC Bring up 062C H Divide by 062A

0572 0626vc0630c8 Divide by 0626 I Store d, 11 in 0630

0573 16a0eS0000ou0. Store d,1 in 16AO *
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0574 1380c60000f9

0575 058bdc0577u2 Compute d., dn+2, dn+ 4 ' etc (n 0,1 to start)

0576 057dc20377c2 When finished go to 057D

0577 1380OG30ub

0578 16a28O0000c0

0579 0002dUU57400{

057a 0002d0057700

057b 0002d0057800

057c 0574c20000v0-

057d 0006deO6-lau5 II Finished? Yes: Go to right of 064A

057e 000000000000

057f l6a0e60000uO
Print out dn, dn+ 2 , dn+ 4 etc.

0580 0000cOOOOOO

0581 0002d005700

0582 057Qu30000u0

0583 080000000000 1

0584 000100000000J

0585 0800000000000}

0586 000200000000

0587
058 080000000000} h
0588 000100000000J

0589 0c0000000000i _____________________ xxx in dx

058a 000400000000

058b 080000000000

058c 000100000000

058d 080000000000 t

058c 000200000000 JI

058f 0cO000000000

0590 000200000000

0591 080000000000

0592 000300000000
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0513 OU0000000000

05b4 000000000000

05b5 000000000000

05b6 000000000000

05b7 000000000000

05b8 000000000000

05b9 000000000000

05ha 000000000000

05bb 000000000000

05be 000000000000

05bd 000000000000

05be 000000000000

05bf 000000000000

05c0 000000000000

ocl 000000000000

05c2 000000000000

05c3 000000000000

05c4 000000000000

05c5 000000000000

05c6 000000000000

05c7 000000000000

05c8 000000000000

03c9 000000000000

05ca 000000000000

05cb 000000000000

05cc 000000000000

05cd 000000000000

05ce 000000000000

05ocf 000000000000

05dO 000000000000

05dl 000000000000

05d2 000000000000
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05d3 000000000000

05d4 000000000000

05d5 000000000000

05d6 000000000000

05d7 000000000000

05d8 000000000000

05d9 000000000000

05da 000000000000

05db 000000000000

05dc 000000000000

05dd 00000005delO

05de 000000000000

05df 000000000000

05e0 000000000000

05el 000000000000

05e2 000000000000

05e3 000000000000

05e4 000000000000

05e5 000000000000

05e6 000000000000

05e7 000000000000

05e8 000000000000

05e9 000000000000

05ea 000000000000

05eb 000000000000

05ec 000000000000

05ed 000000000000

05ee 000000000000

05ef O00000000D0

05f0 000000000000

0jfl 00000000000

05f2 000000000000
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05f3 000000000000

05f4 000000000000

05f5 000000000000

05f6 000000000000

05f7 000000000000

05f8 000000000000

05f9 000000000000

05fa 000000000000

05fb 000000000000

05fc 000000000000

05fd 000000000000

05fe Oa3d7Oa3d7aO } 10-2

05ff fffaO000000001

0600 000000000000

0601 000000000000

0602 000000000000

0603 000000000000

0604 000000000000

0605 000000000000

0606 000000000000

0607 000000000000

0608 000000000000

0609 000000000000

060a 000000000000

060b 000000000000

060c 000000000000

060d 000000000000

060e 000000000000

060f 000000000000

0610 OafecOoooo0 -_ 10-11

0611 ffdcOO000000

0612 000000000000
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0613 000000000000

0614 000000000000

0615 000000000000

0616 000000000000

0617 000000000000

0618 000000000000

0619 000000000000

061a 000000000000

061b 000000000000

061c 000000000000

061d 000000000000

061o 000000000000

061f 000000000000

0620 000000000000

0621 000000000000

0622 000000000000

0623 000000000000

0624 000000000000

0625 000000000000

0626 000000000000

0627 000000000000

0628 000000000000

0629 000000000000

062a 000000000000

062b 000000000000

062c 000000000000

062d 000000000000

062e 000000000000

062f 000000000000

0630 000000000000

0631 000000000000
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0632 000000000000

0633 000000000000

0634 089000000000

0635 0a2000000000

0636 190000000000

0637 190200000000

0638 063d32063910 Read m, t, h, etc. into 063D etc. I Go to 0639

0639 063d81058308 Transfer 8 data lines from 063D etc into 0583 etc.

063a 064581057d01 Transfer 1 data line from 0645 into 057D

063b 040083240030 Transfer 768 commands from 0400 etc. to 2400 etc.

063c 040110063d10 Go to left order 0401 II *

063d 000000000000

063e 000000000000

063f 000000000000

0640 000000000000

0641 000000000000

0642 000000000000

0643 000000000000

0644 000000000000

0645 000000000000

0646 000000000000

0647 2400810400fd Transfer fresh program (256 lines) from 2400 to 400

0648 0648500200L1 Enter floating point

0649 05bfe605cle8 Bring up "odd-even* (= "one" or 'zero') I Store in OSCI

064a 0445e2000082 Go to 0445 11 COMPUTATION FINISHED: STOP

064b 240083040030

064c 063810000000

064d 0025f30025f3 Output: Carriage return (C.R.) 11 C.R.

064e 0007f30004f3 Print character m' Space (on typewriter)

064f 0004f30583e6 Space 11 Bringup -m-
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0650 0300f10025f3 Print value of m C.R.

0651 0006f30004f3 Print character "'t II Space
0652 0004f30585e6 Space I1 Bring up

0653 0300f10025f3 Print value of "" I C.R.

0654 0008f30004f3 Print character " Space

0655 0004f30587e6 Space 11 Bring up "h"

0656 0303f10025f3 Print value of "h" II C.R.

0657 0025f30025f3 C.R. II C.R.

0658 0010f30010f3 Print character "0" II "0"

0659 0010f30010f3 "0" II "0"

065a 0029f305b9e6 Tab (on typewriter) II Bring up Am,

065b 0500e20000eO Go to OSO0 II *

065c 05a3e60632dc Bringup2m II Compare 2m with zero

065d 0665e30666e3 2m is < zero. This is an error. Go to right 0665 II 2m=0, Go to 0666

065e 066ce2058bea 2m > 0. Go to left of 066C 11 Subtract "1"

065f 066ae80632dc Store 066A II Compare with zero
0660 0663e30663e3 Result is less than zero. Go to right of 0663 II Result equals
___ zero, vo to right of 0663

0661 06G8e6066aeb Result > 0. Bring up 0668 II Multiply by 066A

0662 0668e3066ae6 Store in 0668 II Bring up 066A

0663 065ee30626e6 Go to right of 065E I Bring up 0626 (-working cell)

0664 0668e90626e8 Add number in halo II Store result in 0626

0665 055ee30666e4 Go to ri ght of OSSE I Enter fixed point at 0666

0666 Obad82058be6 Erroi stop I Bringup "1"

0667 0668e8O663e3 Store "I" in 0668 II Go to right side 0663

0668 000000000000

0669 000000000000

066a 000000000000

066b 000000000000

066c 05a3e605bfe9 Bringup 2m 11 Add "0" or "1" from OSBF

066d 0668e8065ee3 Store in 0668 11 Go to right side of 065E
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066e 05bfe605cle8 - Bring up "0" or "1" II Store "0" or "1" in 05CI

066f 0589e6O3fSe8 Bring up upper limit of d, constants Store in OSF8

0670 05faeS0632e6 Store in OSFA II Bring up zero

0671 0604e8058be6 Store "0" in 0604 [[ Bring up "1"

0672 1E02E80593E6 Store "1" in 1E02 II Bring upt-m

0673 058DEAO602h8 Subtract "2" Store t-m-2 in 0602

0674 05f8e6058dea Bring up 05F8 ii Subtract 2

0675 05f880000e Store in limit cell (r 05F8) I *

9676 0602e605f8eQa Bring up 0602 11 Subtract (limit-2x)

If 0602 < (limit -2x) Go to 0678 (left side): If 0602
0677 06a8f40UUUe0 (limit -2x) Go to 06ABIJ *

0678 05fae6o5cle8

067D 067av40U00e1

067a 067c50067b10 Final calc. of NTm+4  Cac.
to N' (k = max. subscript)

067b 044420044422

067c 067c50020010

067d 0438e2067ee4

067e 068050067f10

067f 043720043722

0680 068050020010 CaIc. r

0681 042ae205d1e6
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0682 03b9eaO604e9

0663 0606e805eOe7 CaIc. N' - where k Iimit -2x

0684 0606ec0604e8

0685 1e0Oeb06b5e8 Store N' in lEOO II Store Nm in 0635 (largest k to start)

0686 i002d0068500

0687 03fae(6O5dea I Float left 0674

0688 05fa 0674e2 Change exit of [Nm] routine to read "go to 068E"

0689 068EE20000E0 Bring up n = t-m+2 Add 2

J68a Uofae6U58do9 Storet-m+4 in 05F8 H Bring up " 0 " or "I'

068b U5f8e8O5bfe6 Final calc. of Nm to N'

U68c 0602e80674e2 Store "0" or "1" in 0602 H Go to 0674

068d 068e0000060

068e 0002d0068500

068f 0685d8069000

0690 O000e6059bdc

0691 0692e20696e2

0692 1902e8OOOOeO

0693 0002d0069200

0694 0002d0069000

0695 0690e2000000

0696 0646d8069800

0697 0636d9069900

0698 0000d1069900

0699 058be60000e8

069a 0518e20000*eO Go to 0518 *
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069b 069fe6O58be9 Bring up counter base (=zero) II Add one

069c 069fe8O58fdc Store count in 069F II Is this number greater than 3?

069d 0502e20502e2 Number less than 3. Go to 0502 II Number equal to 3: Go to 0502

069e 06a1e20000e0 Number greater than '3". Go to 06A1 II *

069f 000000000000

06aO 000000000000

06al 05fee606a4ec Bring up l0- 2 /x 11 Divide by "2" (= 06A4)

06a2 05fee80632e6 Store 10- 2 /x (x = 1, 2, 4, etc) in 05FE II Bring up zero

06a3 069fe8O87ae2 Store in 069F I Go to 087A

06a4 080000000000
05 02

06a5 000200000000

06a6 000000000000

06a7 000000000000

06a8 06b5e60000f9*-

06a9 06b7e80000eO

O6aa 06bOd8067700

06ab 06bid8067200 Increase "n" in (dn) x by 10. Then recompute

all N' (k = limit -2x)06ac 0662d8068500

06ad 0589e606a4e9

06ae 06b3e805f8e8

06af 0670e20000eO

06bO 06b900000000

06bl 1e0200000000

06b2 leO000000000

06b3 000000000000

06b4 000000000000

06b5 000000000000

06b6 000000000000

06b7 000000000000

06b8 000000000000
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06b9 06b7e7O6b5fd *--

06ba OOO f9O6c3dc

0bb 0689e20689e2

06bc 06b5e60000f9

06bd 06b7e8OOOOe0 If [Ntm+ 2 11 for n =max + 10 is not same (within tolerance) as

6be 06bNd8_67200 -1&m+ 2 ]ifor n =max recompute using a still larger n. If

they agree to go to 0689
06bf 06b2d8068500

06c0 06b3e606a4e9

06el 06b3e8O5f8e8

06c2 0670e20000eO

06c3 OafecOO00000

06c4 ffdcOf0000000

06C5 05b9e60000f9 Bring upAmt 1I Form abs value

06c6 06d2e8OOOOeO Store in 06D2 I *

06c7 06c9d904ff0 Transfer left address of 06C0 to replace right address of 04FF

06c8 069be20000e0 Go to 069B *

06c9 06ca0000000

06ca 05b9e60000f9 Bring up Am4, I Form abs value

06cb 06d2eaOUOOf9 Subtract previous IAm ] II Form abs value

O6cc O6dOeaO6cef4 Subtract tolerance in 06DO I If Amt is not precise go to 06CE

O6cd 064de2000000 If Am{ meets precision go to 064D II *

O6ce O5b9e60000f9 Bring up latest Amt 11 form abs value

06cf 06d2e8O69be2 Store in 06D2 II Go to 069B

06dO OafecOO00000

06dl ffdcOO000000

06d2 000000000000

06d3 000000000000

06d4 0800000000fO

06d5 000100000000
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06d6 07b3e6058bea Bring up number from07B3 11 Subtract 1.000 ....

06d7 06dbf406d8e2 Ifzerogoto06DB [I Ifnegative gotoO6D8

06db 0587e60000f9 Bring uph II Absolute value of h

06d9 07dddc042Oe2 Is h larger than m992? II If h is less than m992 go to 0420

O6da Oidee2U6dee2 If 11 equals m992 or is greater than m992 go to 06DE

06ib 0587e60000f9 Bring uph 11 Form absolute value of h

06dc 07dddcO42Oe2 Is h larger than m992? II If h is less than m992 go to 0420

Odd 073de2073de2 If h equals m992 or is greater than m992 go to 073D

06de 0585e60583ea

06df 05bdebO5bbe9

06eO 07c7e807c7eb

06e1 07c9e807c7eb

06e2 07dfe8O7c7eb

06e3 07eleRO7c7eb

06e4 07e3eRO7c7eb

06e5 O7e5e8O7c7eb

06e6 07e7e80587e6

06e7 0587ebO7ece8

06e8 0587ebO7eee8

06e9 0587ebO7f~e8

O6ea 0587ebO7f2e8

06eb 0583e60583eb

06ec 07f4ebO7f4eb

O6ed 0806e80000eO lines 06DE to 0737
compute a 1l

06ee 0587e607c7eb
terms in starting value of Am. for h -

068f 07f6e807c9e6 UsingMeixner (1)Eq. 10 (Prolate case)

06fO 0791e90793ec

06f 1 07f8e807f4e6

06f2 0797ebO7fae8

06f3 07fae707c9e9
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06!f4 0795e907c7eb

06f 5 0799p-c0587ec

06f 6 07!ce807c9e6

06f 7 079bebO7ele9

06!8 079de90791eb

06f 9 07fee807c9e6

06! a U5abe907f4eb

06fb 07alebO7fae8

(Jbfc, U7fae7O7fee9

0bfd 4)79!ec07ecec

06fe 0800e807e3e6

Obff 07a5ebO7fae8

0700 O7dfe6O7a7eb

0701 U7fee807c7e6

0702 07a9ebO7fee9

0703 07fae9O7a3ec

0704 07a3ec0802e8

0705 O7c7e6O7adeb

0706 07fae8O7dfe6

07107 O7abebO7fae9

0708 U7f4eb07a3ec

0709 0804e807c7o6

070a 0806eb0793oc

U0b 0804ea0802e9

070c 07eeec0808e8

070d 07e~e6O7bleb

070e 07fae807ele6

070! 07cbebO7fee8

0710 07c9e6O7cdeb

0711 07cfe907!ee9
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0712 07fae907afec

0713 07afec0804e8

0714 07ele607d5eb

0715 07faeb07c9e6

0716 U7dlebO7fee8

0717 07d7e907fee9

0718 07fae9O7f4eb

0619 07d3ec0802e8

U71a 07c9e6U58be9

071b 0806eb07c5eb

U71C 0793ec0802ea

071d 0804e9U7fOec

071e 08Uae807e7e6

071± 07d9ebO7fae8

072U O7e3e6O7dbeb

0721 07fee8O7dfe6

0722 07b5eb0802e8

0723 07c7e607b7eb

0724 0802e907fee9

0725 071 ae9079fec

0726 0791 ecO7fae8

0727 07e3e607b9eb

0728 071 ee8O7dfe6

0729 07bbebO8O2e8

072a O7c7e6O7bdeb

072b o8U2e907fee9

072c 07f4etb0797ec

072d Ol9fecO7fee8

072e O7bfe6O7dfeb

072± 0802eb07c7e6
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U73U 07clebU802e9

U731 U8UbebU7d3ec

U732 0802e807c7e6

U733 UWt4ebO7c3ec

0734 0804e80804e7

U735 OSO2c907feea

U736 U7fae907f2ec

U737 Ub~ce80h65e2 IIGo to 0865

0738 (Yf6e607f4e9

U739 07f8eaWfcea lines 0738 to 073C

074 Ob~eU8Ueacompute starting A., for h - (Prolate case)

U73b 0uSuaea080cea

073c Uob~e80420e2 IIGo to 0420

U73d uob'e60587eb

0/3e U63oe80587eb

U73f U83ie8O587eb

074U 0839e8Uzo87eb

0741 083bc80535e6

0742 U5?3eaOS6deb

0743 0583e9058be9

0744 083de8083deb

Lines 073D to 079B
0745 083feb083febcoptaII

0746 0841e8083feh terms in start ing value of Aml for h - c

0747 0843e80583e6 Using Meixfler (1) Eq. (19) (Oblate case)

0748 0583eb0845eg

0749 0845ph0847e8

074a 0845eb0849e8

074b 083de60587eb

074c OS8dehO84be8

0J74di 083e60845ea
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074e OS8be9O58dec

074f 084deR0833ec

0750 0587ec083deb

0751 084fe8084le6

0752 0791eb0859e8

0753 083±efiO7ddeb

0754 085be8083fe6

0755 O7c~ebO58be9

0756 0845ab058deb

0757 085de8085de7

0758 0847e9058be9

0759 085be90859e9

075a 0799ec0835ec

075b 0851e80841e6

075c 07a5eb0859e8

075d 083fe60811eb

075e 085be8083fe6

075f 0801 eb0815e9

0760 0845eb058deb

0761 085de80847e6

0762 O8l7ebO85dea

0763 07abe9085be9

0764 0859e9083deb

0765 07d3oc0837ec

0766 0853o80843.6

0767 07bleb0859e8

0768 0841e60813eb

0769 085be8083feG

076a 0819ob085de8

076b 084le607ddeb
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076c 085fe8083fe6

076d 080febO7c5e9

076e 085fe90845eb

076f 07ddebO85fe8

0770 083fe60817eb

0771 081de90847eb

0772 07c5ebO861e8

0773 0849e6058deb

0774 0863e8O863e7

0775 0861e9085fea

0776 081be9085de9

0777 085be90859e9

0778 079fecO839ec

0779 0855e8O843e6

077a 07d9ebO859e8

077b 0841e6081feb

U17c 085be8083fe6

UWid 0821ebO85de8

Ui7e 0841e60825eb

077f 085fe8083fe6

0780 0827ebO829e9

0781 085fe90845eb

0782 085fe8O83fe6

0783 082bebO82de9

0784 0847ebO86le8

0785 0849e6082feb

0786 0863e8O863e7

0787 0861e9085fea

0788 0823e9085de9

0789 085be90859e9
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078a 083deb0831ec

078b 083bec086de2 IGo to 086D

078c 0835e7084be9

078d O84dea08,4fea
l ines 078C to 0790

078e 0851ea0853ea compute starting value of Am{ for h -c (Oblate case)

078:[ 0855ea0857ea

0790 05b9e8042Oe2 IIGo to 0420

0791 0a0000000000

0792 000300000000

0793 08000000O00

0794 000400000000

0795 0bO00000000

0796 000400000000

0797 080000000000

0798 000600000000

0799 080000000000

079a 000700000000

079b OdOOOOOOOOOO

079c 000500000000

079d 0a8000000000

079e 000500000000

079f 080000000000

07a0 OOOb0OOOO

07a1 W00OOO0OOOOO

07a2 000900000000

07a3 080000000000

07a4 000800000000

07a5 084000000000

07&6 000600000000

OWa 007400000000
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07a8 OOObOOOOO000

07a9 Oaf a800000
0

07aa O00dO0000000

07ab 094000000000

07ac 000600000000

07ad Oa7000 0 0 0 0 0 0

07ae 000800000000

07af 080000000000

07b0 000900000000

07bl Oco0000000 0

07b2 000600000000

07b3 000000000000

07b4 000000000000

07b5 Oedf9000000

07b6 001400000000

07b7 088dOfcO000

07b8 001600000000

07b9 0b3580000000

07ba OOOdOO000000

07bb 091fO000000

07bc 001100000000

07bd 09118e000000

07be 001300000000

07bf Ob18000000
0 0

07c0 000900000000

07cl Obc200000000

07c2 0001 00000000

07c3 080000000000

07c4 000500000000

07c5 OcO000000000
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07c6 000200000000

07c7 000000000000

07c8 000000000000

07c9 000000000000

07ca 000000000000

07cb 09a600000000

07cc OOOdOO000000

07cd 0a93 0000000

07ce 001000000000

07cf Oaf8cO000000

07dO 000100000000

07dl Oa3cOOOOOOOO

07d2 OOObOO000000

07d3 00000000000

07d4 00aO0000000

07d5 0e6000000000

07d6 000700000000

07d7 Ob7cO0OOOOOO

07d8 000a00000000

07d9 083c00000000

07da 00aO0000000

07db 0f0590000000

07dc 001000000000

07dd 000000000000

07de 000000000000

07d 000000000000

07eO 000000000000

07el 000000000000

07e2 000000000000

07,3 000000000000
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07e4 OOOOOO0

07e5 000000000000

07e6 000000000000

07c7 000000000000

07e8 000000000000

07e9 0000007ealO

07oa 000000000000

07eb 000000000000

07ec 000000000000

07ed 000000000000

07ce 000000000000

07cl 000000000000

07fO 000000000000

07fl 000000000000

07f2 000000000000

07f3 000000000000

07f4 000000000000

07f5 000000000000

07f6 000000000000

07f7 000000000000

07f8 000000000000

07f9 000000000000

07fa 000000000000

07fb 000000000000

07fc 000000000000

07fd 000000000000

07fe 000000000000

07ff 000000000000

0800 000000000000

0801 000000000000
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0802 000000000000

0803 000000000000

0804 000000000000

0605 M0000000000

006b 0U000000000

0807 000000000000

0808 0000OO000000

0809 000000000000

080a 000000000000

080b 000000000000

080c 000000000000

080d 000000000000

080e 000000080! 10

0801 Ob80000
0 00 0

0810 000500000000

0811 0.4000000000

0812 000700000000

0813 o00OOOOOOO

0814 000900000000

0815 OC800000 0 0 0 0

0816 000500000000

0817 OdOOOOOOOOOO

0818 000400000000

0819 OeIOOOOOOOOO

O81a 000800000000

081b 0.0000000000

081c 000400000000

081d OCOOOOOOOOOO

0810 000300000000

0811 081580000000
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0820 OOOdOO000000

0821 0a3280000000

0822 001100000000

0823 Ofc400000000

0824 00aO0000000

0825 OeacOO000000

0826 O00aO0OOOOOO

0827 Oea600000000

0828 OOOcOooooooo

0829 Oc6eOOOOOOOO

082a OOObOO000000

082b 008800000000

082c 000900000000

082d 09ec00000000

082e 000O00O00000

082f Od4000000000

0830 000600000000

0831 080000000000

0832 OOOeOOOOOOOO

0833 080000000000

0834 000300000000

0835 000000000000

0836 000000000000

0837 000000000000

0838 000000000000

0839 000000000000

083a 000000000000

083b 000000000000

083c 000000000000

083d 000000000000
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083e 000000000000

083f 000000000000

0840 000000000000

0841 000000000000

0842 000000000000

0843 000000000000

0844 000000000000

0845 000000000000

0846 000000000000

0847 000000000000

0848 000000000000

0849 000000000000

084a 000000000000

084b 000000000000

084c 000000000000

084d 000000000000

084e 000000000000

084f 000000000000

0850 000000000000

0851 000000000000

0852 000000000000

0853 000000000000

0854 000000000000

0855 000000000000

0856 000000000000

0857 000000000000

0858 000000000000

0859 000000000000

085a 000000000000

085b 000000000000
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085c 000000000000

085d 000000000000

085e 000000000000

085f 000000000000

0860 000000000000

0861 000000000000

0862 000000000000

0863 000000000000

0864 000000000000

865 07:f6e6000f9 Bring up 1t term in Meixner Formula (Prolate case)

865_07fo_0000f9 I1 Form abs value

0866 0835eS080ce6 Store in 0835 I1 Bring up last term in Meixner Formula

0867 O000f90837e8 Form abs value 11 Store in 0837

0868 08t5e6086beb Bring up 0835 I Multiply by 10-2/2

0869 0837ea0738f4 Subtract 0837 II If positive go to 0738; If neg. go to 086A

086a 0420e20000eO Go to 0420 II *

086b Oa3d7Oa3d7Oa

10-2/2
086c fff900000000

086d 0857e80835e6 Store in 0857 Bring up 1 St term in Meixner Formula
(Oblate case)

086e O000f907f6e8 Form abs value II Store in 07F6

086f 0857e60000f9 Bring up 0857(= last term in Meixner Formula) Form abs value

0870 07f8e807f6e6 Store in 07F8 I Bring up 07F6

0871 O86bebO7fSea Multiply by 10-2/2 Ii Subtract 07F8

0872 078cf40420e2 If positive go to 078C; If negative go to right side II Go to 0420

0873 0025f30010f3 Carriage return I Space (in type out)_

0874 0010f30010f3 Space J1 Space

0875 O010f30029f3 Space ll

0876 06lOe60OObfO Bring up 0610 (= tol on eigenvalue) Print 11

0877 0501e40000e0 Enter fixed point at left side of 0501 II *

0878 OOOOeOOOOOeO * I *

0879 OOOOeOOOOOeO * *
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087a 0610e60791ub Bring up Tol of Eigenvalue I Multiply by 5

057b 056dubOGlOU8 Multiply by 2 fl Store in 0610

087c 0dOc80000e0 Store in 06D0 fl *

087d 051cdOO6c00 Place the left address of 051E into the right address of 069C

087e 0502e20000c0 Go to 0502 II *

087f 0d6udSOC 200 Place the left address of 046E into left address of 0692

0880 1002d0069200 Decrement left address of 0692 by 2

0881 0467c2OO00e0 Go to 0467 II *

Dn1wwurm
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